Results

that chromosomes can be subdivided into large domains hot or cold for DSB formation (Zenvirth et al.,
The Gal4BD-Spo11 Fusion Protein Is Expressed 1992; Baudat and Nicolas, 1997; Gerton et al., 2000). The in Meiosis molecular basis of these DSB-proficient or -refractory A fusion encoding the DNA binding domain of Gal4 domains has not been elucidated, but the finding that (Gal4BD, amino acids 1-147) with the N terminus of the a recombination-proficient reporter inserted at various full-length S. cerevisiae Spo11 protein was placed under sites along chromosome III adopts local properties with the control of the ADH1 promoter ( Figure 1A ) and interespect to DNaseI sensitivity and frequencies of DSB grated at the TRP1 locus in a spo11⌬ strain. Homozyformation and recombination demonstrates that dogous diploids were derived by genetic crosses (Table main-level controls are superimposed on local determi-1). To verify expression, total RNA was analyzed during nants (Borde et al., 1999) . Collectively, these studies vegetative growth and in meiosis by Northern blot analyindicate that hot regions can be made cold, but thus sis. In wild-type diploids, SPO11 mRNA begins to accufar the converse has not been observed: cold regions mulate after transfer of cells to sporulation medium and typically remain cold. decreases after 7 hr, by which time ascospores have DSB frequency variation is also influenced by transbegun to form ( Figure 1B ). In contrast, GAL4BD-SPO11 acting factors. Numerous genes are essential for DSB mRNA is detected in both vegetative and meiotic cells, formation, including SPO11, MEI4, MER2/REC107, but like SPO11 mRNA, it decreases at later time points MRE2/NAM8, MRE11, RAD50, REC102, REC103/SKI8, (6-7 hr). Transcript quantification ( Figure 1C ) indicates REC104, REC114, and XRS2, but in most cases, their that the fusion is highly expressed in vegetative cells and molecular roles are unknown (Keeney, 2001 ). Null muthat the GAL4BD-SPO11 mRNA levels are only slightly tants for all of the above genes are recombinationally greater than SPO11 mRNA levels during meiotic prodefective in meiosis and produce inviable spores. Four phase (2-6 hr), most likely because the ADH1 promoter other meiosis-specific genes are required for full levels is less active in meiotic than in mitotic cells (Chu et al., of DSBs: MEK1/MRE4, RED1, HOP1, and MER1. SPO11 1998), whereas the SPO11 promoter is strongly induced encodes a protein that shares sequence similarity with (Atcheson et al., 1987) . Finally, Western blot analysis the smaller subunit (Top6A) of the type II topoisomerase shows that the fusion protein is expressed in both miof the archaebacterium Sulfobolus shibatae (Bergerat totic and meiotic GAL4BD-SPO11 cells and is of the et al., 1997). Spo11 remains covalently linked to the 5Ј-expected size, 63.5 kDa ( Figure 1D ). strand termini of DSB fragments in mutants (e.g., rad50S) that are defective for the 5Ј to 3Ј nucleolytic Gal4BD-Spo11 Complements the spo11⌬ processing of DSB ends that normally precedes repair Sporulation Defect (Keeney et al., 1997), indicating that it is the catalytic Diploid spo11⌬ cells can sporulate but produce inviable progeny because chromosomes segregate abnormally component of the meiotic DSB cleavage activity. These when meiotic recombination is not initiated (Klapholz et and other studies have demonstrated that Spo11 oral., 1985). We asked whether the Gal4BD-Spo11 protein thologs may be universally required for meiotic recombicould complement a spo11⌬ diploid in this respect. Like nation, strongly suggesting that DSBs initiate meiotic wild-type SPO11 (ORD5740) and spo11⌬ (ORD5805) recombination in all sexually reproducing eukaryotes strains, a GAL4BD-SPO11 spo11⌬ diploid (ORD5806) (Keeney, 2001 ). Site-directed mutagenesis has been sporulates efficiently (approximately 80%), giving rise used to identify regions of Spo11 that contribute to primarily to four-spored asci. Tetrad analysis shows strand cleavage and DNA binding, demonstrating the that, as expected, none of the spores produced by functional significance of structural motifs conserved spo11⌬ diploids germinates (0/512). In contrast, spores throughout the Spo11/Top6A family (Bergerat et al., derived from the GAL4BD-SPO11 spo11⌬ diploid are 1997; Diaz et al., 2002) . Interestingly, variations in the fully viable (531/552, 96%), the same as observed for level and distribution of DSBs at the his4::LEU2 hotspot progeny of the SPO11 diploid (505/526, 96%). High in some spo11 mutants suggests that Spo11 is not only spore viability was similarly found for a diploid that coninvolved in cleavage but also participates in DSB site tains both GAL4BD-SPO11 and SPO11 (ORD5817). Altoselection, at least locally (Diaz et al., 2002) .
gether, these results demonstrate that the GAL4BD-To test whether Spo11 participates in selecting DSB SPO11 construct is functional and that it confers no regions at the genome-wide level and to determine adverse effect. whether it could stimulate recombination in cold regions, we altered its substrate specificity by fusing it to Gal4BD-Spo11 Promotes DSB Formation the DNA binding domain of the Gal4 protein (Gal4BD), at Natural Sites creating a Gal4BD-Spo11 chimeric protein. The Gal4
Since spore viability depends on meiotic recombination protein, one of the best characterized transcriptional between each of a pair of homologous chromosomes, activators in S. cerevisiae, binds to a consensus 17-the complementation of the spo11⌬ defect by GAL4BD-base pair (CGGN 11 CCG) upstream activator sequence SPO11 suggested that the fusion protein might also (UAS GAL ) through its N-terminal domain (Johnston, 1987 Figure 2A , these DSBs form in both SPO11 and GAL4BD-SPO11 meiotic cells. In the GAL4BD-SPO11 strain two DSB sites can be seen within the YCR048w coding region, which is notable since natural DSBs are generally restricted to promoter-containing regions (Figure 2A, and see below) . A quantitative analysis of DSB band intensity indicates that the cumulative frequency of meiotic DSBs in this 9.6 kb chromosomal region is similar in both strains (approximately 13 Ϯ 2%). In most cases, the DSB frequency at a given site is also similar, although DSBs form at a lower frequency in the YCR047c-48w intergenic region in the GAL4BD-SPO11 diploid than in the SPO11 diploid (5 Ϯ 1% versus 11 Ϯ 1%, respectively) ( Figure 2B) . Interestingly, the decrease in DSB frequency at this site is locally offset by the appearance of DSBs in the YCR048w ORF (4 Ϯ 1%); this redistribution is suggestive of competition between adjacent DSB sites, as previously reported for Spo11-initiated DSBs (Wu and Lichten, 1995) . We also examined two other well-characterized regions, the ARG4 and CYS3 loci (Sun et al., 1989; Vedel and Nicolas, 1999). In both cases, we detected similar meiotic DSB profiles in SPO11 and GAL4BD-SPO11 cells, with respect to positioning and intensity ( Figures 2C and 2D) . Altogether, these results demonstrate that the Gal4BD-Spo11 protein can promote DSB formation at natural sites at frequencies comparable to those promoted by wild-type Spo11, thereby explaining its ability to fully complement the inviability of spo11⌬ spores.
Gal4BD-Spo11
Promotes DSB Formation near Gal4 Consensus Binding Sites As described above, we observed two additional DSB sites in the YCR048w coding region (Figure 2A ). Although these DSBs could result from an aberration in the targeting specificity of the Spo11 protein domain per se, at least in regions such as the YCR048w locus where Spo11 is already active, an examination of the YCR048w ORF revealed two internal Gal4 consensus binding site motifs at the estimated positions of the DSBs. This observation indicates that the Gal4BD-Spo11 protein can target DSBs to specific sequences, at least in this cleavage-proficient chromosomal domain (Baudat and Nicolas, 1997).
To determine whether the tethering of Gal4BD to Spo11 allows meiotic DSBs to be targeted to known Gal4 binding sites, we examined several loci containing UAS GAL sites that have been implicated in galactose catabolism (Johnston, 1987). The GAL2 promoter region ( Figure 3A) . Similar to what was observed for the experiments indicates that the frequency of GAL2 DSBs in the GAL4BD-SPO11 strain is approximately 12 Ϯ 2%, YCR043c-48w interval, DSBs appear at the GAL2 locus in GAL4BD-SPO11 meiotic cells within 2 hr of transfer in contrast to Յ 0.6% observed in the wild-type strain, a 20-fold stimulation ( Figure 3A ). of cells to sporulation medium, and their intensity increases over the course of meiosis, reaching a maximum To generalize our observations, we examined the GAL7, GAL10, and GAL1 genes, which like GAL2 are at 8-10 hr. Quantitative analysis of several independent transcriptionally induced by Gal4 in the presence of gaby 3 hr and disappearing between 7-9 hr) suggests that these DSBs are repaired with normal kinetics. lactose. At these loci, meiotic DSBs do not form in SPO11 diploids but in contrast are readily detectable at To assess whether Gal4BD-Spo11-dependent DSBs are repaired by homologous recombination, we then or near their associated UAS GAL sites in GAL4BD-SPO11 diploids ( Figure 3B ). Quantitative analysis indicates a measured the frequency of meiotic gene conversion at the GAL2 locus. For this purpose, we constructed a substantial stimulation of DSB formation, with frequencies of 4 Ϯ 1% for the GAL7 upstream region and 2 Ϯ 1% mutant allele, gal2-Bsp, which confers a slow growth phenotype on galactose, and derived GAL2/gal2-Bsp for the divergently transcribed GAL1-GAL10 intergenic region. This is notably lower than the frequency of 12 Ϯ heterozygotes in both the SPO11 and GAL4BD-SPO11 backgrounds. From 218 four-spore tetrads produced by 2% observed for the GAL2 promoter ( Figure 3A) . Altogether, we conclude that the Gal4BD-Spo11 protein can the SPO11 diploid, we found only five conversion events. In contrast, for the GAL4BD-SPO11 strain, we observed target meiosis-specific DSBs to Gal4 DNA binding sites, creating novel genomic DSB sites of varying strength. 55 conversion events, as indicated by equivalent numbers of 3:1 and 1:3 tetrads, among 212 tetrads analyzed Finally, we verified with several control strains that the Gal4BD-Spo11 fusion protein is solely responsible (26%), a 10-fold increase over the level observed for the SPO11 strain ( Figures 4B and 4C ). Tetrads exhibiting a for the appearance of these DSBs (data not shown). First, spo11⌬ strains expressing the Gal4BD-4:0 or 0:4 configuration were not seen. Gal4BD-Spo11-promoted DSBs can also initiate recombination at other spo11Y135F fusion protein, in which the presumed catalytically active tyrosine residue of Spo11 is replaced loci; we confirmed by tetrad analysis that the frequencies of meiotic gene conversion at the ARG4 natural by phenylalanine (Bergerat et al., 1997), do not exhibit meiotic DSBs either in the YCR043c-48w region or at hotspot are similar in SPO11 and GAL4BD-SPO11 diploids (data not shown). These results show that the DSBs the GAL2 locus. Second, SPO11 strains expressing the Gal4 binding domain either alone or fused to Rpb5 (an formed in the GAL2 promoter in GAL4BD-SPO11 strains are recombinogenic and behave like Spo11-induced RNA polymerase subunit whose function is unrelated to the initiation of recombination) and a strain expressing breaks. a pADH1::SPO11 construct (without the Gal4BD) exhibit DSBs in the YCR043c-048w region but not at the GAL2 Gal4BD-Spo11 Promotes Cleavage in a Large locus. Collectively, these control experiments demonRegion that Is Normally Cold strate that the stimulation of Gal4BD-Spo11-dependent for DSB Formation DSBs near Gal4 binding sites requires both the Gal4BD
We extended our analysis of Gal4BD-Spo11 activity to and Spo11 components of the chimeric protein.
an approximately 20 kb interval centered on GAL2 (between the YLR072w and RAX2 ORFs) that contains eight intergenic promoter-containing regions ( Figure 5A ). In a The Gal4BD-Spo11 Fusion Strongly Stimulates Recombination at the GAL2 Locus SPO11 strain, we observed no DSBs in this interval. In a GAL4BD-SPO11 strain, the GAL2 promoter region is To determine whether the GAL4BD-SPO11-promoted DSBs are recombinogenic, we first examined meiotic the only site at which DSBs can be detected. Since there are no other Gal4 consensus sequences in this interval, DSB fragments in the GAL2 region in a RAD50 background to see if they are processed like Spo11-induced these results underscore three important features of Gal4BD-Spo11 DSB activity. First, the stimulation of DSBs. We detected DSBs ( Figure 4A ) as a smear of fragments of greater mobility than the discrete rad50S DSBs near GAL2 is specifically targeted. Second, cleavage at GAL2 does not promote the nearby formation of band, showing that the GAL2 DSBs undergo processing. Moreover, the transient nature of the smear (appearing other DSBs. Third, in contrast to what is observed for Table 1 . DSB frequencies were determined at 8 or 10 hr after transfer to sporulation medium.
DSBs in the YCR048w region of chromosome III, the domain to Spo11 might bypass this requirement, at least for DSBs at Gal4 binding sites. Southern blot analysis GAL2 DSBs occur in a naturally cold chromosomal region.
indicates that rec102, rec103/ski8, rec104, rec114, mei4, mer2/rec107, mre2/nam8, mre11, rad50, and xrs2 null mutants, in either the SPO11 or GAL4BD-SPO11 backDSBs at GAL2 Are Accompanied by a Local Increase ground, do not exhibit meiotic DSBs in the YCR043c-in MNase Sensitivity during Early Meiosis 048w interval or at GAL2 (Figure 6 ). The frequency of The hypersensitivity of chromatin to MNase at hotspots Gal4BD-Spo11 promoted DSBs at the GAL2 locus is increases during early meiotic prophase, before DSB reduced about 3-fold in red1 mutants and 10-fold in formation (Ohta et al., 1994). To determine whether the mre4/mek1 and hop1 mutants; DSBs are almost undepresence of Gal4BD-Spo11 alters the accessibility of tectable in mer1 mutants. In the YCR048w region chromatin to nucleases at future DSB sites, we assessed (promoter ϩ ORF), the red1, mer1, and hop1 mutations the effects of MNase on the GAL2 locus during meiosis have increasingly repressive effects in both strains but ( Figure 5B ). We found no significant meiotic change the mre4/mek1 mutation has no effect. The differential in MNase sensitivity at this locus in SPO11 diploids, effects of each of these mutations on chromosome III consistent with the absence of DSBs. In contrast, and at GAL2 may reflect locus-specific variation, but GAL4BD-SPO11 cells exhibit a meiosis-specific inoverall, these results show that DSB formation in crease in sensitivity, as seen after 4 hr in sporulation GAL4BD-SPO11 strains depends on the same proteins medium ( Figures 5B and 5C) , a time at which DSBs are that are important for cleavage in SPO11 strains. forming. In strains expressing Gal4 either alone or fused to Rpb5, we observed that the chromatin configuration of the GAL2 locus is unaffected (data not shown). Thus, Gal4BD-Spo11 Cleavage also Requires Clb5 the meiosis-specific chromatin transition observed at Clb6 Activity the GAL2 locus requires the presence of the Gal4BD-The B-type cyclins CLB5 and CLB6 are required for Spo11 construct and is not simply due to an enhanced meiotic replication (Chu et al., 1998; Dirick et al., 1998; binding of the Gal4 DNA binding domain to target seStuart and Wittenberg, 1998) and for meiotic DSB formaquences in the GAL2 promoter.
tion (Smith et al., 2001
). To determine whether Gal4BD-Spo11-promoted DSBs also depend on Clb5 and Clb6 activity, we assayed DSB formation in clb5 and clb5 DSB Formation by Gal4BD-Spo11 Depends on the Other Known DSB Genes clb6 diploids containing the GAL4BD-SPO11 construct (Table 1) . As indicated in Figure 6 , we did not detect We reasoned that if one or more of the other proteins involved in DSB formation is necessary to recruit Spo11
DSBs at either the YCR048w or the GAL2 locus in these strains, demonstrating that the addition of a heteroloto future DSB sites, the addition of the Gal4 DNA binding a/␣ spo11⌬::URA3/" arg4-bg/arg4-rV NUC1/nuc1⌬::LEU2 leu2/" ORD5806 a/␣ trp1::GAL4BD-SPO11-TRP1-KanMX/" spo11⌬::URA3/" arg4-bg/arg4-rV nuc1⌬::LEU2/" leu2/" ORD5807 a/␣ trp1::G4BD-SPO11-TRP1-KanMX/" spo11⌬::URA3/" rad50S::URA3/" arg4-bg/" NUC1/nuc1⌬::LEU2 leu2/" ORD5817 a/␣ trp1::GAL4BD-SPO11-TRP1-KanMX/" arg4-bg/ARG4 leu2/" ORD5821 a/␣ rec102⌬::URA3/" rad50S::LEU2/" leu2/" ORD5828 a/␣ trp1::GAL4BD-SPO11-TRP1-KanMX/" spo11⌬::URA3/" mre4::URA3/" rad50S::LEU2/" arg4-bg/arg4-rV leu2/" ORD5845 a/␣ mre4::URA3/" rad50S::LEU2/" arg4-bg/ARG4 leu2/" ORD5846 a/␣ mre2::URA3/" rad50S::LEU2/" leu2/" ORD5849 a/␣ trp1::GAL4BD-SPO11-TRP1-KanMX/" spo11⌬::URA3/" mre2::URA3/" rad50S::LEU2/" arg4-rV/" leu2/" ORD5851 a/␣ trp1::GAL4BD-SPO11-TRP1-KanMX/" spo11⌬::URA3/" rec104⌬::LEU2/" rad50S::URA3/" arg4-bg/" leu2/" ORD5857 a/␣ rec104⌬::LEU2/" rad50S::URA3/" leu2/" ORD5859 a/␣ trp1::GAL4BD-SPO11-TRP1-KanMX/" spo11⌬::URA3/" rec102⌬::URA3/" rad50S::LEU2/" arg4-rV/ARG4 leu2/" ORD5879 a/␣ trp1::GAL4BD-SPO11-TRP1-KanMX/" spo11⌬::URA3/" rec103::KanMX/" rad50S::URA3/" arg4-bg/ARG4 leu2/" ORD6534 a/␣ trp1::GAL4BD-SPO11-TRP1-KanMX/" spo11⌬::URA3/" clb5::URA3/" clb6::TRP1/" rad50S::LEU2/" arg4-bg/" leu2/" ORD6551 a/␣ trp1::GAL4BD-SPO11-TRP1-KanMX/" spo11⌬::URA3/" clb5::URA3/" rad50S::LEU2/" arg4-bg/" leu2/" ORD6591 a/␣ mei4::URA3/" rad50S::LEU2/" arg4-bg/ARG4 leu2/" ORD6593 a/␣ rec103::KanMX/" rad50S::LEU2/" arg4-bg/ARG4 leu2/" ORD6595 a/␣ red1::URA3/" rad50S::LEU2/" arg4-bg/ARG4 leu2/" ORD6598 a/␣ rec114::KanMX" rad50S::LEU2/" arg4-bg/" leu2/" ORD6626 a/␣ trp1::GAL4BD-SPO11-TRP1-KanMX/" spo11⌬::URA3/"arg4-bg/ARG4 GAL2/gal2-Bsp NUC1/nuc1⌬::LEU2 leu2/" ORD6632 a/␣ GAL2/gal2-Bsp LEU2/leu2 ORD7414 a/␣ mer1::LEU2/" rad50S::URA3/" arg4-rV/" leu2/" ORD7419 a/␣ hop1::LEU2/" rad50S::URA3/" arg4-rV/" leu2/" ORD7420 a/␣ trp1::GAL4BD-SPO11-TRP1-KanMX/" spo11⌬::URA3/" mei4::URA3/" rad50S: 
gous DNA binding domain to Spo11 does not bypass The Gal4BD-Spo11 Protein Retains the Basic Activity of Spo11 the requirements for Clb5 and Clb6 activity and hence
The Gal4BD-Spo11 protein functionally resembles the does not overcome the meiotic replication defect that wild-type Spo11 protein in many ways. First, it catalyzes is relevant to DSB induction. In conjunction with the meiotic DSB formation at known hotspot loci. Except demonstrated requirement for the other DSB genes, this in the YCR048w ORF, where we detected competition result indicates that the Gal4DB-Spo11 protein is subbetween natural and novel sites (see below), DSB freject to the same (trans-acting) genetic controls as the quencies were similar in all regions examined in Spo11 protein for DSB formation at both natural and GAL4BD-SPO11 and SPO11 diploids. Second, in the targeted sites.
RAD50 background the DSBs appear, undergo resectioning, and disappear with the kinetic profile of DSBs Discussion in wild-type strains, indicating that they are formed and processed normally. Third, these targeted DSBs proThe results described here show that the Gal4BD-Spo11 mote 3:1 and 1:3 gene conversion events, indicating that fusion acts like a wild-type Spo11 protein in promoting recombination can be initiated on either homolog and DSB formation at natural sites and that it also stimulates that only one of a pair of sister chromatids is cleaved. targeted DSB formation and recombination near known Fourth, the absolute level of meiotic gene conversion Gal4 binding sites, even in naturally cold regions. Moreinvolving the gal2-Bsp marker (in 26% of cells undergoover, our observations that a meiosis-specific chromatin ing meiosis) is consistent with the frequency of DSBs transition takes place at the targeted GAL2 locus in in the promoter region, indicating that as at other meiotic GAL4BD-SPO11 strains and that the other known DSB hotspots, these DSBs are preferentially repaired using a genes are required or important for cleavage have implihomologous chromosome rather than a sister chromatid as a template. Finally, the fusion protein fully complecations for defining a pre-DSB scenario. ments a spo11 deletion in terms of spore viability, suggest that the targeting of Spo11 to a naturally cold region is sufficient to attract all the other factors required to gesting that genome-wide levels of recombination associated with crossing over are sufficient to ensure proper trigger DNA cleavage. Further, the stimulation of recombination at GAL2 also indicates that the machinery necchromosome segregation. We conclude that the addition of the 147 amino acid Gal4 binding domain to the essary to repair these meiotic DSBs can be recruited to naturally cold regions. N terminus of the Spo11 protein does not prevent Spo11 from binding to its natural targets, from interacting with other proteins that may be involved in forming a func-
The Steps Leading to DSB Formation: tional DSB complex, and, ultimately, from cleaving DNA.
a Pre-DSB Scenario This may not be surprising since the Gal4 DNA binding
The relative timing at which the various components of domain has been added to other DNA binding proteins the DSB machinery come into play and how they interact (Fok1, Topo1) without interfering with their activities with one another are unsettled issues. In particular, the (Kim et al., 1998; Beretta et al., 1999) .
way that Spo11 or the pre-DSB complex is attracted to future cleavage sites is unknown. It has been shown that there is a temporal and regional correlation between The Gal4BD-Spo11 Protein Targets Meiotic DSBs to Gal4 Binding Sites, even in Naturally replication and DSB formation (Borde et al., 2000) , and that the spo11 deletion, but not the catalytically inactive Cold Regions In addition to the normal features of Spo11, the Gal4BD-spo11-Y135F protein, reduces the duration of meiotic S-phase (Cha et al., 2000). Considering these observaSpo11 protein has a property: it targets meiotic DSBs to regions containing well-characterized UAS GAL setions, a plausible hypothesis is that the progression of replication creates a DNA or chromatin substrate that quences (GAL2, GAL7, and GAL1/10) (Johnston, 1987). The absolute frequency of DSB formation in these reallows Spo11 to be directly or indirectly recruited to future DSB sites. Thus, in an extension of this hypothegions varies: it is high (12%) at GAL2, comparable to what is observed at the most active hotspots in the sis, it is possible that besides its known role in cleavage and proposed function in refining the choice of DSB yeast genome (Gerton et al., 2000) , and it is lower at GAL7 and GAL1/GAL10 (4% and 2%, respectively). This sites within a delineated region (Diaz et al., 2002), Spo11 could play an early and primary role in selecting future locus-to-locus variation does not directly correlate with the number of consensus Gal4 binding sequences in DSB regions, perhaps by interacting with as yet unidentified replication intermediates. Our first and most striking the GAL2, GAL7, and GAL1/10 promoters (4, 2, and 4, respectively) nor with the binding affinities of Gal4 to observation is that targeting Spo11 (through the Gal4BD motif) to a novel site promotes DSB formation, indicating these regions (Ren et al., 2000) . Although these parameters do not necessarily predict how the Gal4 binding either that Spo11 alone is sufficient to recruit all the other necessary DSB proteins or that a preexisting Spo11-domain might behave during meiosis, the observation that Gal4 constitutively binds its target sites even in the containing complex, once targeted to a specific site, suffices to finally trigger cleavage. Of course, at natural absence of galactose (Huibregtse et al., 1993) suggests that the variation of GAL4BD-SPO11-specific DSB fresites, a member of the pre-DSB complex other than Spo11 may be responsible for cleavage site selection, quencies reflects other controls. This is also the case for wild-type meiosis, in which the frequencies of DSBs but the present data are also compatible with the idea that Spo11 can act autonomously in this respect. A secin proficient domains are highly variable.
We also observed a significant stimulation of DSB ond significant finding concerns the increase in MNase sensitivity observed at GAL2, which is known to occur formation in the YCR048w ORF (Figure 2 for the non-random distribution of natural DSBs sites, and hence recombination rates. 
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